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DeformaVon	  of	  polar	  ice	  
The	  ﬂow	  or	  deformaVon	  of	  natural	  polar	  ice	  is	  
mainly	   the	   result	   of	   dislocaVon	   creep,	   a	  
combinaVon	  of	  dislocaVon	  glide	  +	  climb.	  
	   In	   a	   polycrystalline	  material	   recrystallizaVon	  
is	   needed	   to	   overcome	   accumulaVon	   and	  
entanglement	   of	   dislocaVons	   (strain	  
hardening).	   Heterogeneous	   	   internal	   strain	  
energies	   due	   to	   strong	   plasVc	   anisotropy	   as	  
well	   the	   “hot”	   temperatures	   relaVve	   to	   its	  
m e l V n g	   p o i n t	   f a c i l i t a t e	   d y n am i c	  
recrystallizaVon	  in	  natural	  ice.	   	  Accordingly,	  it	  
can	   be	   observed	   that	   grain	   growth	   in	   ice	  
sheets	   at	   all	   depths	   is	   mainly	   driven	   by	  	  
dynamic	  recrystallizaVon.	  
Here	   we	   present	   a	   nove l	   dynamic	  
recrystallizaVon	   diagram,	   which	   summarizes	  
the	  compeVng	  recrystallizaVon	  processes	  that	  
contribute	   to	   the	   evoluVon	   of	   polar	   ice	  
microstructure	  (Faria	  et	  al.,	  2014).	  
moVon	  of	  dislocaVons,	  
grain	  size	  reduc5on	  
RotaVon	  RecrystallizaVon	  (RRX)	  
New	  recrystallizaVon	  diagram	  
Acknowledgements	  
Support	  from	  ESF	  Research	  Networking	  
Programme	  Micro-­‐Dynamics	  of	  Ice	  (Micro-­‐
DICE)	  is	  gratefully	  acknowledged.	  IW	  
acknowledges	  also	  ﬁnancial	  support	  by	  the	  
German	  Research	  
FoundaVon	  (HA	  5675/1-­‐1,	  WE	  4695/1-­‐2)	  via	  
SPP	  1158	  and	  by	  the	  Helmholtz	  AssociaVon	  
(VH-­‐NG-­‐802).	  
Nagaoka University of 
Technology  
長岡技術科学大学 
The	  surface	  Dss	  describes	   the	  steady	  state	  
grain	  size	  as	  a	  funcVon	  of	  temperature	  and	  
strain	  rate.	  	  
Dominant	  
recrystallizaVon	  regimes	  	  
•  The	  NGG	  regime	  is	  restricted	  to	  the	  plane	  with	  
zero	  strain	  rate	  in	  the	  diagram	  
•  SIBM-­‐O	  (without	  nucleaVon)	  is	  dominant	  for	  low	  
strain	  rates	  and	  lower	  grain	  sizes	  
•  SIBM-­‐N	  (with	  nucleaVon)	  is	  dominant	  for	  higher	  
temperatures	  and	  higher	  strain	  rates	  
•  RRX	  is	  dominant	  for	  larger	  grain	  sizes	  and	  lower	  
temperatures.	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On	  surface	  Dss:	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  induced	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Present	  in	  all	  depths	  of	  ice	  sheet,	  even	  in	  ﬁrn	  (Kipfstuhl	  et	  al.,	  2009)	  
Normal	  Grain	  	  
Growth	  (NGG)	  
Image: ELLE, courtesy Bons 




Dynamic:	  reducVon	  of	  internal	  strain	  energy	  	  
EDC	  685	  m	  
Subgrain	  
boundary	  























Instead	  of	  assigning	  recrystallizaVon	  regimes	  to	  a	  
certain	   depth,	   our	   aim	   is	   to	   locate	   them	   in	   the	  
three-­‐dimensional	   state	   space	   of	   strain	   rate,	  
temperature	  and	  mean	  grain	  size	  (D).	  
S = !ε,T,D{ }
D	  <	  Dss: 	  grain	  growth	  regime,	  volume	  
beneath	  Dss	  
	  
D	  >	  Dss: 	  grain	  reduc5on	  regime,	  volume	  
above	  Dss	  
	  
D	  =	  Dss: 	  steady	  state	  
Dss	   represents	   an	   apractor	   surface	   in	   the	  
state	   space	  S.	   An	  explicit	   form	  of	  Dss	   as	   a	  
funcVon	   of	   strain	   rate	   and	   temperature	  
can	  be	  derived	  by	  combining	  an	  empirical	  
relaVon	  for	  grain	  size	  evoluVon	  (Jacka	  &	  Li,	  
1994)	   and	   Glen’s	   ﬂow	   relaVon,	   described	  
in	  Faria	  et	  al.	  (2014b).	  	  
Following	  the	  path	  indicated	  with	  the	  green	  
and	   red	   arrow	   in	   the	   recrystallizaVon	  
diagram,	   a	   grain	   size	   evoluVon	   can	   be	  
derived	  for	  a	  volume	  of	  ice	  moving	  through	  
the	  state	  space.	  Temperature	  is	  assumed	  to	  
be	   increasing	   along	   the	   path,	   while	   the	  
strain	  rate	  stays	  constant.	  	  
Increasing	  
temperature	  
Grain	  size	  evoluVon	  
Assuming	   the	   ice	   volume	   is	   subducted	  
beneath	  an	   ice	  dome,	   the	  verVcal	  axis	   can	  
be	  seen	  as	  an	  analogon	  to	  depth.	  	  	  
